The validity of cytological diagnostic procedures for the detection of pre-and early cervical cancer stages is limited due to biological conditions, the uncertainty of cell sampling, and the subjective nature of microscopic assessment. Particularly in class III D cases (Munich II) this can lead to a stigmatization of patients and uncertainty with regard to further clinical follow-up and therapy. Prior to carrying out additional investigations such as high-risk HPV testing or the examination of biomarkers, the positive predictive values of patients with a class III D cytological diagnosis need to be assessed in routine practice. To this end, all relevant data from patients from our practice classed as class III D (pap smears) between 2002 and 2008 (n = 1190; 38.2 % histological diagnosis = therapeutic endpoint) and their current HPV status were recorded. Cytology, histology, persistence, age and follow-up were recorded. The database was used for comparative statistical analysis. Overall, the positive predictive value of conventional pap smear for CIN 2+ was calculated to be 32.3 % (mean follow-up: 39.7 months). The following values were calculated for high-risk HPV testing: sensitivity 94.8 %, specificity 39%, positive predictive value 42.8 %, negative predictive value 94 %. The additional information obtained from high-risk HPV testing resulted in a significantly better positive predictive value only in patients older than 40 years. However, there was no evidence for an individual risk stratification approach which would reduce uncertainty in the management of III D patients. Introduction ! Pap smear cytology is carried out during routine gynaecological cancer screening procedures and aims to find pre-cancerous or cancerous lesions. Early detection of such lesions may stop carcinogenesis and prevent the development of carcinomas. To ensure a good communication between the medical specialties involved in making the diagnosis (cytology, gynaecology, histology), a diagnostic classification was required to describe the levels of pathogenesis. In 1953, the US pathologist Reagan first used the term dysplasia to describe three levels of severity of precancerous lesions which did not fulfil the criteria of carcinoma in situ [1] . This terminology was adopted by the WHO in 1973. The term "cervical intraepithelial neoplasia" (CIN) was proposed in 1968 by Richart to indicate the fact that all pre-cancerous stages of cervical carcinoma were stages of a gradual biological development [2] . For practical reasons and in the interest of accurate morphological diagnosis and therapy, high-grade dysplasia and carcinoma in situ were combined as CIN 3. The Munich classification, based on work by Papanicolaou, was introduced in Germany in 1976 and modified in 1990. The Munich classification aimed to assign cytological findings to histological diagnoses [3] . Cells showing low-grade and/or moderate dysplasia were classified as III D, and cytological assessment and colposcopy was recommended in such cases. Surgical therapy was and is always recommended if there is any evidence of high-grade dysplasia and/or a carcinoma in situ (Group IVa). The Bethesda system, first published in the USA in 1988 and subsequently modified in 1992 and 2001, differentiates between low-grade (indicating an HPV infection, CIN 1, slight dysplasia) and high-grade (CIN 2 and 3, moderate and severe dysplasia, carcinoma in situ) intraepithelial lesions; clinical therapy is indicated even for moderate cytomorphological changes. In gynaecological screening for pre-and early stages of cervical cancer, low-grade and moderate dysplasias (III D) are the most common cytological lesions with an incidence of around 60%. The cytomorphology of III D lesions does not permit any individual prognosis with regard to either their spontaneous regression or their development into a CIN 3 or a cervical carcinoma. The methodological limitations of cell sampling are well known. Subsequent histological investigations often lead to findings of higher grade lesions [4] . If these higher grade lesions persist, therapeutic procedures are indicated despite the diagnostic uncertainty, to prevent the patient from being placed at risk [5, 6] . A cytological III D diagnosis often involves a misunderstanding between all persons involved: In cytology, the investigating pathologists are well aware of the subjective nature of the microscopic assessment of atypical cells and their morphological differentiation. It is also well known that the patient may have higher grade, squamous intraepithelial lesions not present in the investigated sampled cells, which limits the validity of the cytological diagnosis of low-grade or moderate dysplasia. If the cytological findings are classified as III D, the gynaecologist attending the patient is obliged to take further steps but, because of the uncertainty described above, will not consider curative therapy to be necessary. When the patient is informed of the pathological findings, this information is usually given with the qualification that the findings are probably harmless. This will be followed by long-term or short-term follow-up investigations or additional therapeutic procedures, depending on the results of colposcopy and of other investigations.
The patient is generally taken by surprise when she is informed of the III D cytological findings, a diagnosis which may or may not be comprehensible to her. She may have undergone regular screening for years and has now, unexpectedly, become "ill" or has suddenly become aware of the risk of cancer. In this situation, in addition to the patientʼs psyche and level of education, the physicianʼs understanding of the pathogenesis and his or her capacity to communicate this adequately to the patient play an extremely important role. In summary, it must be noted that the cytological diagnosis of III D at all three levels of involvement is extremely subjective. There is always a risk of under-or over-reaction and thus of under-or over-treatment with all the negative consequences this entails for the patient [7] . Current scientific knowledge about the aetiology and pathogenesis of cervical cancer and its pre-stages means that patients with the cytological diagnosis III D might obtain a clearer individual prognosis with the use of additional investigations including biomarkers [8] . A realistic assessment of the impact of these more expensive methods requires data which would provide information about the diagnostic validity of a cytological class III D diagnosis. There are currently very few publications on this point, and most of them are critical comments on empirical case studies [9] . To date, no randomised studies have been done; however, as the III D classification has been in common use in Germany since several decades, an enormous amount of data is available. The statistical analysis of this data in follow-up studies could offer information about the diagnostic validity of a cytological class III D diagnosis [10] [11] [12] . Precise inclusion criteria and correct documentation of cytological and histological follow-up up until the therapeutic endpoint of the study, either through histological diagnosis after surgical therapy or until a pre-defined end of follow-up is reached, are important to ensure that the results of such a study are meaningful.
Aim of the Study
! Aim of this study was to provide statistically relevant information with regard to individual prognosis after cytological III D findings obtained during routine gynaecological screening done in a pathology clinic focussing on gynaecological cytology. The value of additional HPV testing was also assessed.
Material and Methods

!
The analysis presented here is based exclusively on anonymised data obtained in our clinic from patients who received a firsttime diagnosis of class III D during screening after a previously unremarkable cytological history of varying duration. With samples submitted by around 30 gynaecologists, the mean annual number of women undergoing cytological screening in the period 1993-2010 was 56 293 (min. 34 722, max. 67 523). A total of 162 090 women were investigated in the whole period. The mean annual incidence (prevalence) of patients who were diagnosed for the first time as class III D was 0.68 % (min. 0.41, max. 1.23). The percentage out of the total group of 162 090 women investigated during this period was 4.28 % (6944 patients). Diagnosis was made based on conventional pap smears using the Munich II classification by a highly experienced pathologist who has been working with cytology samples since 1985. Additional testing to assess the patientʼs current high-risk HPV status was considered to offer important additional information for analysis. As these clinical data were only available from around 2001 in sufficient quantities and to additionally ensure a sufficiently long follow-up, the acquisition period was from 1 January 2002 up to and including 31 December 2008. The results of high-risk HPV tests were obtained from a number of different regional medical laboratories and testing was usually done by Hybrid Capture (HC II) test. The following inclusion criteria were used: " all patients diagnosed as class III D for the first time, and " known to have a high-risk HPV status " between 1 January 2002 and 31 December 2008.
Using these criteria, 1190 consecutive patients (mean age: 31.25 years) were included in the study. Based on a total of 3090 patients diagnosed as class III D for the first time during this period, this corresponds to a sample size of 35.3 %. 857 patients were high-risk HPV-positive and 333 patients were high-risk HPVnegative. All cytological and histological findings obtained until the end of the follow-up period were recorded in 3-month steps for the follow-up period on an MS-Excel spreadsheet. The end of the follow-up period was characterised by a final histological diagnosis at the time of therapy (cervical conization, cervical biopsy with subsequent laser vaporisation) or cytological investigation at the time of evaluation (l " Fig. 1 ). Histological CIN 2 and 3 findings, squamous cell carcinoma, and cytological class III D findings (currently 8 cases) were rated as positive follow-up findings. Cytological results were only included if the follow-up period was at least 12 months, and there were at least 2 identical cytological findings at successive follow-ups. This minimum requirement was only met by 38 patients with a cytological follow-up of less than 24 months (range: [12] [13] [14] [15] [16] [17] [18] . A total of 7758 cytological follow-up investigations were recorded. The selected endpoint for follow-up was based on the consideration that an endpoint of 36 months after inclusion of the last patient into the study would result in an average follow-up period of 39.74 months when no significant numbers of histological diagnoses could be expected any more.
Definition of target criteria:
Positive: " histologically: CIN 2+ " cytologically: at least 2 identical findings of III D after an interval of at least 12 months Negative: " histologically: < CIN 2 " cytologically: at least 2 identical negative findings (class I/II) after at least 12 months
This approach with an average follow-up period of 39.74 months (min. 1, max. 117) allowed all patients to be statistically evaluated and the two methods described abovecytology and high-risk HPV testingto be compared. In order to be able to make more valid prognoses, the data was differentiated further to compare age groups, the number of cytological III D findings per patient, and the follow-up period. There was, however, a problem in that some patients dropped out of the follow-up earlier than others, changing the structure of the data. Thus, the final histological diagnosis during therapy is usually done on average 17.05 months after the first class III D finding. Later analyses will only include those patients who are still being followed up; thus the proportion of true positive findings at these analysis timepoints available for the statistical evaluation will become increasingly small. Univariate statistical analysis is an uncomplicated analysis tool which, if the above limitations are taken properly into consideration, can be used to calculate the statistical validity of data [13, 14] . The positive predictive value (PPV = true positive/true positive + false positive) is particularly significant for patient management. When evaluating the importance of HPV testing, all measured values of validity can be easily calculated, are meaningful, and can be compared with data from the literature. Statistical objectivation is possible using the odds ratio (95% CI) as a point estimator [15] [16] [17] . This can be used to calculate the increased risk of developing a CIN 2+ lesion for an initially high-risk HPV-positive III D patient compared to a high-risk HPV-negative patient. 
Results
!
Evaluation was based on a comparison of an initial "positive" class III D cytological diagnosis, which indicated the presence of cells with low or moderate dysplasia of the squamous epithelium of the vaginal part of the cervix, and outcomes of simultaneous high-risk HPV testing ("positive" or "negative") at the time of entering the study with the histological or cytological findings at the end of the study. Histological or cytological findings at the end of the study indicating moderate or high-grade dysplasia or squamous cell carcinoma were classified as "positive" and cervical squamous epithelium without dysplasia or neoplasia or only low-grade (CIN 1) dysplasia was classified as "negative". The different inclusion time-points with histological diagnosis as the endpoint resulted in follow-up periods of varying lengths. The validity of cytological and histological findings compared to the initial diagnosis is shown in l " Table 1 . The positive predictive value of a cytological class III D diagnosis was 32.29 %; if this was accompanied by high-risk HPV findings, this value increased to 42.82 %. The histological diagnosis at therapy is an essential source of information about whether the initial findings were true positive (l " Table 2 ). Histological diagnoses were based on 404 conizations, 47 biopsies prior to laser vaporisation, and 3 hysterectomies. A total of 26.2 % (n = 119) of these procedures were carried out in our clinic. The high number of histological CIN 3 diagnoses and carcinomas needs to be considered against the background of cytological progression already noted prior to histological diagnosis. For this reason, it is necessary to examine histologically diagnosed cases without or with subsequent cytological progression (class IVa) separately to be able to make a statement about the incidence of histological diagnoses in III D patients. l " Fig. 2 shows the proportional distribution. l " Table 1 summarizes the data collected during the total followup period with a mean follow-up time of 39.74 months irrespective of the individual follow-up time of the respective patient. While this procedure is common, it only provides general statistical data. More precise information can be obtained through 1. an evaluation of defined follow-up times, 2. comparisons between age-groups, and 3. the examination of patients with a different incidence of class III D findings.
When evaluating specific follow-up times it is important to decide whether initial histological findings will be included when evaluating findings of later follow-ups or whether only the most recent findings will be included in the calculation, e.g. the positive prediction. l " Fig. 3 shows the differing results for both options. If an evaluation is based on only one year of follow-up, fewer and fewer histologically clarified cases (often "true positive") will present as the total follow-up time increases; the regressive cases (often "false positive") will predominate. The positive predictive value will continually decrease. l " Fig. 4 shows the evaluation according to patient age on entering the study, with the patients grouped into 5-year age groups. A positive prediction (CIN 2+) based on III D cytology was highest for the age group between 21 and 30 years and continually decreased thereafter, while the positive predictive value for highrisk HPV testing was clearly higher for the age group 41-45 and significantly higher for the age group > 45 (p < 0.001). The incidence of CIN 3+ in the different age groups was similar. l " Fig. 5 
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Discussion
!
Cytology
The figures on the incidence of cytological class III D diagnoses and the development over time presented here indicate that the usual and required practice of annually collecting and evaluating statistical data to reassess the original cytological diagnosis is inadequate. The biological development of cytologically diagnosed dysplasias of the squamous epithelium of the uterine cervix is often not correct in individual cases and cannot be correctly predicted [18, 19] . Moreover, at the time of diagnosis it is not possible to state when the detected lesion developed biologically. Only the analysis of cases followed up for a sufficiently long time offers the possibility of making a statement about the statisticalnot the individualprobability with regard to clinical outcome [10] [11] [12] . The greatest difficulty is the uncertainty regarding the representativeness of the investigated material, which is clearly one of the reasons for the discontinuous development, with alternate phases of negative and positive cytological findings (28.7 % in the study presented here). This, of course, enormously limits the validity of the usual division into 'regression', 'persistence', and ʼprogression of findingsʼ for class III D cytological findings [12, 20, 21] . Currently, no standard exists with regard to the length of time which would classify class III D findings as "persistent". In this study, the longest follow-up of a patient with persistent class III D findings was 63 months; during follow-up a total of 11 III D findings were recorded with short intervals in between where the cytological findings were negative. Subsequently, 7 successive cytology findings were negative (duration of follow-up: 94 months). Histological results of biopsies are considered the "gold standard", but they can only reflect a momentary and localised condition in the uterine cervix and do not offer much information about the longer-term prognostic validity of class III D cytological findings [22, 23] . Only histological diagnosis (conization, laser vaporisation after biopsy, hysterectomy) can be considered the endpoint for follow-up, as this secondary prevention of cervical cancer interrupts biological progression. The assessment of regression and progression is based on the statistical calculation of the positive predictive value for the comparison of results. Follow-up time plays an important role when comparing results of III D patients. Histological clarification is important for the proper assessment of the original III D cytological diagnosis. On average, such histological clarification during therapy was done after 17.05 months, which is also consistent with regression of an HPV infection over time. Such carcinoma prevention obviously interrupts the continued biological development, limiting the prognostic validity. When follow-up times are much longer, cytological findings will increasingly be negative and the positive predictive value will decrease (l " Fig. 3) . A new infection of the patient with high-risk HPV may also be the cause of later positive findings (l " Fig. 6 ). A comparison of individual age groups (l " Fig. 4) shows that the predictive value of III D cytological findings is poorer for the older age groups, a finding that is borne out in daily diagnostic experience; this can be explained by the absence of mature cell populations, which limits the possibility of comparing dysplastic and physiological cell populations in cytological samples. Finding dysplastic cells becomes more difficult, and atypical squamous cells of undetermined significance with different cell nuclei shapes and sizes can lead to a false-positive cytological diagnosis. The number of III D findings per patient (l " Fig. 5 Fig. 4 ; number of III D findings/patient, l " Fig. 5 ) the percentage of CIN 3+ diagnoses corresponded approximately to the percentage of CIN 2+ diagnoses. The literature reports an increased number of pre-term births as a late consequence of conization [24, 25] . In this study, conization performed in histologically investigated patients up to the age of 35 years had a high positive predictive value (85.7-87.6 %), with only a few cases where this would have been unnecessary based on the histological diagnosis. The positive predictive value only dropped to around 70 % for patients older than 40 years.
High-risk HPV testing
To a varying degree in different regions of Germany, the triage of cytologically suspicious or positive findings constitutes an optional part of screening procedures for the early detection of cervical cancer [26, 27] . However, overall gynaecological cytology findings are not comparable to the special situation with regard to class III D findings. While cytology generally has a poor sensitivity which can be improved using highly sensitive methods such as HPV testing, class III D findings and HPV testing each have a high sensitivity but a poor specificity or positive predictive value and can theoretically not be used to complement each other [28] . There are only a few studies on the triage class III D cytological findings with HPV testing, and they do not show an improvement in the positive predictive value [4] . Thus, while the Hanover-Tübingen study stated that additional high-risk HPV-testing resulted in a better diagnosis when investigating "abnormal" cytological findings (II W, III D und III), only 61 of these cases were first-time class III D diagnoses, and their study is therefore not directly comparable with ours [29] . 72 % of class III D patients investigated in our study were initially high-risk HPV-positive. Fig. 6 ). The positive histological diagnoses made in the last two years of follow-up probably do not have a causal connection to the initial high-risk HPV test result. The additional information obtained from a high-risk HPV diagnosis increases the positive predictive value for a patient with first-time class III D cytological findings by about 10 %, and this increase is also statistically significant (p < 0.001). For the subsequent follow-up of these patients, the better statistical prognosis at this time-point and later on does not translate into any practical individual curative therapeutic approach. When examining all patients who were subsequently cytologically or histologically negative, only 39 % had negative high-risk HPV test results at the time of the first class III D finding while 61 % were high-risk HPV-positive. This somewhat reduces the prognostic value of a combination of a class III D cytological diagnosis with high-risk HPV-positivity as an indication for an unfavourable prognosis.
Conclusion
The presented results and data objectivate and confirm the collected data and experience obtained during the investigation and management of patients with a class III D cytological diagnosis. " The high rate of spontaneous regressions indicates that a firsttime or even second-time cytological diagnosis of low-grade and/or moderate squamous epithelial dysplasia means that affected patients should be advised carefully and followed up with regular cytology and routine clinical and colposcopic investigations.
" At this early point in time an increase in additional investigations or the referral of the patient to a dysplasia clinic with repeat cytology and additional diagnostic investigations is more likely to merely result in the patient believing herself to be ill, and would entail additional costs which are not justifiable per se. " Therapy is only indicated if the cytological findings persist and the intervals between follow-up investigations have been sufficiently long. Therapy, performed after colposcopic localisation, will depend on the patientʼs age, the wish of the patient to have children, and the type of lesion (CIN 2+). The risk of squamous cell carcinoma developing within a very short time after initial cytology is statistically very low (< 1 %). " The high negative predictive value of high-risk HPV-testing (particularly for CIN 3 lesions), depending on patient age, qualifies a first-time cytomorphological diagnosis of lowgrade or moderate dysplasia, but does not invalidate it. " Additional high-risk HPV-testing in patients with a first-time class III D cytological diagnosis does not improve the prognostic validity for individual patients.
